Abstract: Allometric equations are used to estimate accurate biomass and carbon stock of forests.
the product of mean wood density and total volume of the large branches and trunk [16] (Formula 1). Bdry section= mean ρ × ΣiVi, (1) and Mean wood density (ρ) is calculated by
If ρ is expressed in g/cm −3 , volume Vi expressed in cm 3 , both length Li and diameters D1i and D2i expressed in cm.
The dry biomasses of the untrimmed small branches were then calculated using a model between dry biomass of total trimmed of the tree and basal diameter. Linear type equations are often used:
Bdry branch = a + bD,
Where a, b are model parameters (intercept and slope) and D branch basal diameter. As a result, the total dry biomass of untrimmed branches per a tree is:
Buntrimmed dry branch=∑J(a + bDJ),
Where the sum was all the untrimmed small branches and DJ is the basal diameter of the sh ort branch.
Trimmed Leaves and small branch
The tree branches were trimmed using local machete and the twigs and attached foliage (i.e., the leaves) were carefully removed from each trimmed branch and mixed in bulk [26] and weighed as fresh weight (total and sample weights) in the field [28] . A total number of 200 fresh biomass samples, and subsample of 250-600 gram for trimmed wood, and 50-150 gram for 200 samples of leaves biomass were collected. The leave component was brought to Wolkite University at department of natural resource management experiment laboratory for dry biomass determination, dried to constant mass for 72 h at 105 °C [10] . The fresh volume of the wood aliquot was measured in the laboratory in order to determine mean wood density (ρ). The dry biomass of leaves from the trimmed branches (Btrimmed dry leaf) and the fresh biomass of the wood from the trimmed branches (Btrimmed dry wood) were determined by using Equation 5 and 6.
Btrimmed dry leaf biomass = × Btrimmed fresh leaf,
Btrimmed dry leaf biomass = × Btrimmed fresh wood,
In order to determine gross tree biomass for short branch, the trimmed biomass multiplied by the number short branches. Similarly, the gross biomass of the leaves of a tree was computed from the product of trimmed leave biomass and total number of short branches per tree.
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biomass.
The following allometric relationships were tested according to Kuyah, Dietz [29] for the study.
Ln(y)= a+b×ln(ρ),
ln(y)=a+b×ln(dbh)+c×ln(ρ),
Where dbh is the diameter at breast height, H is the height and ρ is the wood density. The equations were fitted by including ln(dbh), ln(H) and ln(ρ) as separate predictors, so that they each can be attributed their own scaling parameter.
Statistical analysis
The data obtained were analyzed using R statistical software (version 3.2.2). Before establishing the allometric equation, scatter plots were used to see whether the relationship between independent and dependent variable was linear or outlier using the R statistical software packages [30] . All of the variables were log-transformed in order to apply linear models and developed single-variable and [33] . The models were ranked according to each goodness-of-fit statistic, the ranks summed and sums ranked to give an overall model performance rank [34] .
Results
The minimum DBH is 29 cm for Acacia toritolis and the maximum is 170 cm for Acacia polyacantha whereas height varied from 5.5 m to 22 m ( Table 1) . Acacia seyal, Acacia ethibcia and Acacia toritolis have lower DBH whereas Acacia polyacantha has higher DBH. There has been also correlation between height and DBH (r 2 =0.32) for each tree's species. Similarly, dimeter breast height of larger branch is positively corelated with the smaller branch for each species. Note: DBH=diameter breast height, DBHb=diameter basal height, H=height of the trees
Trimmed biomass weight
The average wood aliquot moisture content of Acacia sayal, Acacia polycantha, Acacia ethibcia Acacia toritolis was 0.56, 0.41, 0.50 and 0.59 grams, respectively. Similarly, the average leaf aliquot moisture content of these species was 0.46, 0.38, 0.44 and 0.44 g rams, respectively ( Table 2 ). The result showed that, the moisture content trimmed leaves were higher than the moisture content of trimmed branch wood of the trees. The trimmed small branch dry biomass for Acacia sayal, Acacia polycantha, Acacia ethibcia and Acacia toritolis is 266.17, 155.00, 222.25, 251.08 gram, respectively. It is important determinant factor for predicting untrimmed small branch for each Acacia tree species ( Table 2) . 
Wood density
There was significant variation in mean values of wood density trees in four species sampled in this study vary among sample trees and species ( Figure 2 ). The mean wood density of Acacia toritolis, Acacia polyacantha, Acacia ethibcia and Acacia seyal was 0.37, 0.36, 0.39, and 0.45, in g/cm 3 , respectively.
The maximum wood density is less than 0.7 g/cm 3 and the minimum is 0.1 g/cm 3 for the four species.
The statistical analysis of ANOVA indicated that there is no significant difference of density among trees within and between species (P <0.05). DBHb= diameter measured at the bases of the branches
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Dry biomass of the large branches and the trunks (Bdrysection)
The Dry biomass of larger branch and trunk (Bdry section) of Acacia seyal has a mean value of 50.02 kg.
Likewise, the dry section of Acacia polycantha, Acacia ethbicia and Acacia toritolis had a mean value of 74.13, 59.64 and 67.30 kg, respectively. Acacia polyacantha has large number of branch and stem size as a result it is higher dry biomass as compared with the three of species Acacia species. The total dry biomass of the trees for each species was obtained by the sum of the trimmed dry biomass and the untrimmed dry biomass. The mean dry biomass for Acacia seyal, Acacia polycantha, Acacia ethbicia and Acacia toritolis is 51.55 kg, 75.38 kg, 61.08 kg, 68.96 kg, respectively (Table 4) . 
Allometric biomass model development
The study has been developed four best models for each species of above ground biomass (AGB) with total of 24 different models were developed by employing independent variables DBH, height, density and their combination as independent variable. Six candidate models were produced for each species. Equation performance analysis of the candidate models were carried out using various goodness-of-fit statistics, namely Akaike's Information Criteria (AIC), residual standard error (RSE)
[31, 32, 35-37]. The best equation should have the lowest AIC, RSE and P values and highest R 2 .
Acacia seyal model
The best preformed regression model to predict the aboveground biomass (AGB) of Acacia seyal l is given as Ln (AGB) =2.20636+0.53167ln (DBH 2 ) Hρ. Based on goodness of fit statistics, its R 2 is highest and AIC and RSE are lower. The overall adjusted R 2 of Acacia seyal biomass model is 0.90 indicating that 90% of aboveground biomass is explained by the input variable ((DBH 2 ) Hρ) and the P-value of the predictor (DBH 2 ) Hρ) is 4.745e-05< 0.05. This shows that there is strong evidence that supports existence of statistically significant correlation between (DBH 2 ) Hρ) and AGB as compared other impute variable (Table 5) . The best performance model for the A. polycantha is ln(AGB)=2.95854+0.21750ln((DBH) 2 Hρ). The corresponding P-value of the model is 1.142 *10 -11 at confidence interval of 95% i.e. 95% sure that the true relationship between the independent (DBH) 2 Hρ and dependent (AGB) lies in the given intervals with probability of error less than 5%. The Adjusted R-squared is 0.94, which explained that, the input variables DBH) 2 Hρ) are 94% reliable in explaining the aboveground biomass. The rest, 6% of the variability of the AGB is explained by other factors. In this model the DBH) 2 Hρ) is significant predictor of the dependent variable with P-value of 1.142 *10 -11 which showed that DBH) 2 Hρ) is more than 94.4% significant predicting variable in this model ( Table 6 ). (Table 7) . 3.4.
Quantitative statistics
There have been also applied quantitative methods model performance analyses, using various goodness of statistics that quantify the performance of the models. These can be error index and model efficiency test (E).
Model prediction efficiency
Nash-Sutcliffe efficiency (NSE) is one of the measures of model performance efficiency (E) that determines the relative magnitude of the residual variance compared to the measured data variance [38] . It indicates the potential of model performance efficiency in estimating biomass; and is computed as equation as follow.
where Oi is the i th observation for the constituent being evaluated, Pi is the i th predicted value for the constituent being evaluated, is the mean of observed data for the constituent being evaluated, and 'n' is the total number of observations. The optimal value of % is 0.0, with approaching to zero indicating accurate model simulation.
3.82427*((DBH) 2 Hρ) 0.16748 , respectively. The validation test found out that overestimation of the observed biomass as compared to Brown and Chave general allometric equation. However, the models were statistically more efficient and more accurate to estimate the biomass of the studied species. Results obtained in this study show the necessity of developing specific biomass models for each species, forest type as a country as whole.
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